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(57) Abstract: RF digital information signals are interfaced with a medium voltage power line data channel. An interface circuit 
connects between the medium voltage and low voltage sides of a step-down power transfonner. The interface circuit includes a 
metal oxide an^stor (MOV) and an opto-coupler The MOV provides the needed capacitance and voltage rating without the bulk 
of a capacitor having similar capacitance and voltage rating. The opto-coupler provides an added margin of safety for coupling 
communications data while isolating the medium voltage power from the low voltage side of the transformer. 
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Method and Apparatus for Interfacing RF 
Signals to Medium Voltage Power Lines 

INTRODUCTION 

1 . The present invention relates generally to the field of digital communications. 
More particularly, the present invention relates to communication of digital signals, 
including information and control signals, via power lines. 

BACKGROUND OF THE INVENTION 

2. Referring to Fig. 1, a typical electric power distribution architecture is illustrated. 
The configuration shown has a transformer 10 that steps medium voltage (tens of 
thousands of volts) power down to low voltage power (a few hundred volts AC, typically 
100 to 240 VAC). The low voltage (LV) power is fed to several homes 20. Using this 
architecture for a power line coixunimications system, the medium voltage (MV) line can 
be used to transfer data to and firom the LV lines. 

3. Since the MV line is typically rated at a few tens of Idlovolts, interfacing to the 
MV line can prove to be costly, size prohibitive, and pose safety hazards. For example, an 
RF (radio frequency) signal is typically used in a powerline communications system as a 
carrier for digital information or control signals. In order to couple such an RF signal into 
a wire with large voltage at low frequencies (50-60 Hz), the solution would appear to call 
for a high pass filter that can withstand high voltage (i.e., the voltage level of the MV 
line). The high pass filter is used to prevent the low frequency (typically in the range of 
50-60 Hz) power line voltage from being coupled into the RF transmitter and receiver 
circuitiy, referred to below as the "communications device". A capacitor could provide 
such a filter, however such a filter capacitor would need to be able to withstand tens of 
Idlovolts carried on the MV line. A filter capacitor according such reqxiirements is 
expensive and physically large. 

4. Thus, what is needed is a low cost, small form factor, safe scheme for interfacing 
RF signals to a MV power line. 
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SUMMARY OF THE INVENTION 

5. The present invention provides a method and apparatus of interfacing a high 
frequency signal in a power line communications system. The present invention is 
especially useful in, although by no means limited to, applications in which an RF signal is 
coupled to and from a medium voltage power line, such as a power distribution or 
transmission line. There are two types of MV distribution systems that power utilities use: 
(1) aerial and (2) underground. Presently preferred embodiments of the invention work 
for both distribution system types. 

6. A presently preferred implementation of the invention employs a metal oxide 
varistor (MOV) as an element of a high pass filter to substantially attenuate the low 
frequency power line voltage and current wavefonns, so as to prevent them from 
damaging the communications device used to transmit and receive die digital signal. Other 
aspects of presently preferred embodhnents of the invention are described below. 

BRIEF DESCRIPTION OF THE DRAWINGS 

7. Additional objects and advantages of the present invention will be apparent in the 
following detailed description read in conjunction with the accompanying drawing figures. 

8. Fig. 1 illustrates a conceptual view of a typical electric power distribution 
topology. 

9. Fig. 2 illustrates a schematic block diagram of an interface circuit for a medixmi 
voltage power line according to an embodiment of the present invention. 

1 0. Fig. 3 illustrates a graph of the transfer frmction for a front-end circuit embodied 
according to one embodiment of the present invention. 

1 1 . Fig. 4 illustrates a schematic diagram of an interface circuit front-end portion, 
according to an alternate embodiment of the present invention, with a ferrite bead to 
ground. 

12. Fig. 5 illustrates a schematic diagram of an interface circuit front-end portion, 
according to another altemate embodiment of the present invention, with a quarter wave 
length tap. 
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DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS 

13. The present invention may be advantageously embodied as an interface circuit for 
interfacing transmitted and received radio frequency communications signals with a 
medium voltage power line. A preferred embodiment of the interface circuit has a 
medium voltage node that is adapted for connection to the medium voltage power line, a 
reactive element adapted to be connected to ground, and a metal oxide varistor connected 
between the medium voltage node and the reactive element. A first opto coupler couples 
into the interface circuit the transmitted radio frequency communications signals to be 
interfaced via the medium voltage node, and a second opto coupler couples out of the 
interface circuit the received radio frequency commimications signals interfaced via the 
medium voltage node. A radio frequency combiner is connected to the reactive element. 
The radio frequency combiner is also connected to the first opto coupler so as to make the 
transniitted radio frequency communication signals available to the medium voltage node 
via the metal oxide varistor. The radio frequency combiner, which is optional and may be 
used in situations in which the transmit and receive signals are coupled to/from the MV 
line via a common interface, is flurther connected to the second opto coupler so as to make 
the received radio frequency commimications signals available from the medium voltage 
node via the metal oxide varistor. 

14. In order to couple an RF signal into a wire with high voltage at low frequencies 
(50-60Hz), essentially a high pass filter that can withstand high voltage may be used. As 
mentioned above, a capacitor that can operate as such a filter and withstand tens of 
kilovolts is prohibitively expensive and physically large. 

15. One device that provides capacitance (other than a capacitor) in a communications 
application is a MOV. A column of MOVs can withstand up to 80 kV peak, and provide 
about 10 pF of capacitance. The physical size is acceptable as well. An additional feature 
of using MOVs is that they provide surge protection. As MV lines are subject to lightaing 
strikes, high energy surges, switching transients, etc., this increased safety feature is 
important. MOV products fitting these requirements (e.g., MOV gapped elbow arrester 
235-55) are available from Cooper Power Systems, Inc. of Pittsburgh, PA. 

16. An opto-coupler is used for additional safety, thus electrically isolating the MV 
circuitry from the communications equipment via light. 
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"Sttaled. TteMOV202KcomectedtotheMVIineandtotheprimarv 
^02 «d w., be p:.e„, „. u.e seconda^ „f 

««.den.fiomabou„5MHz.oabou.U5MH.U„0..,.po^^^,^„„, 
««.«ac,..s„chas«,„sei„*e50^Hzband.«.ie»i,,a^^. ^ 

opined and ^-^'i'^^y^^U^.yr^'t^J^^^ 
between U»MOV5I0andgrou„da.„i„,.^Ltei,a^™vlI^ ^4, 
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WHAT IS CLAIMED IS: 

Mtt, a medmn voKage p„»«- line. a>e u,terfa« circuit compriring. 

amediumvoltageaod. adapted f„,cc™cc«o„,o«„^™™,^,^,^. 

a reacfv. dement adapted for collection to a conmton p«««ial- 

a metal oxide varistor com.ected b«ween the medi™ voltage node and the 

~ement,wl,erein the radio frequency comm»ic«iom«^,.,.in.e,ft^ 

the medium voltage node via the metal oxide variaor. 

'•J^'taterfi^ci-hforinteriWng^diofie.p.encyconm.unica.ion.si^^ 

w«ham^umv,l.agep.™rHne„fohima,^in.hereac«vee,emen.compl. 

atransfdnnerjand 

a conductive line coupled through a feiiite bead- 
^^«he,«in«»transf„tmerandthec«„,„o«veline'areoonnec.edinpa^^ 

■';^n«»«*-«i«i.f»inte,ficing..diolte,uencyoommunica.i^ 

»«l..n.ed,«nvol.ag.powe,lmeofdaiml,«he,«in.he,adiofre,uency 
o»nmmnication3 signals include tnu^nded signal,. fl„ interfice circuit further 
Comprising: 

.tooptocouplerad.pt«i,oc„upleintoa,ein,erfacecircuittt,euansmit.ed 
«d.ofie^communica.ionssi^stobemte,6c«,via.hemediumvol..genode. 

*-^'»'=*-*oui.forto..,6cing«dioir«,u«,cycomm»icaUo„.signala 
wrth a medium voltage po»er line of claim 4. wherem a.e radio frequency 

communications signals include received si^s, the interface circuit further comprising- 

"^o-loptocoupleradaptedtocoupleoutoftheinterfacecircuitatereceived ' 
-dtoiiequency communications signals interfaced Via the medium voltagen«le- and 
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arad.ofte,„e,,cycombm«thatisoo,mected to the reactive element and 

conunnnication signals availabletoa^medi^nvoltagenodeviathe metal oxifc 

«ic„m»c^,oa,eseo»d„p.„co„p,erso.s,„ma.e,i.e,eceivedradi„,ie,ue„cy ' 
«»-™».ca.ons signals availableft™,,hemedi»m vol.agcm.de viad^ 



vanstor 



6. He interacc cimdt for intcrftcing .adio Seq„em=y commumcation. signals 
mth.mcdtum voltage power line of claim 5. ftnlicr comprising- 

»»-P''fi"--«.«lbetweenfl,e,adioirc„encycombinerand,hcscc„ndop.o 
^.rsoaa,„provideampuflca.ionof.hereccivedradiofie,„encycommumcauons 

'•ll»-'"ft=«=i««i'ftri«.,ftcingn«ii„ft«p«^e<,^^^^ 
«tha medmm voltage power line of claim I, wherein the radio ftequenoy 

oomm,mica,ionssignaUincl,«icreceivedsi9«Js.d,ch««fi^circni,firt=rcomprisfa^^ 
»<'>«<>«'*l««lWt«ltoc„^,lc««offl»int«fececi«=„i,U«=rcceiv.dn«ii„ ' 
Sequency oommnnicafions signals h.tert«ed via the m«Umn voltage node. 

S The to'erftcecircuitfeintetficing^iiofieq^nqroommunications signals 
wtaa med.™. votage POwer line of claim 1. wherein the common potential comprises 

9. An interface circuit for interfacing radio fte,uency commmncati«,s signaU 
with a medinm voltage power line, d,e intetfice circuit comprising- 

a medium voltage node adap,«i for comtection to the m«a«n voltage poww line- 
a conductive Une having a aelected length «ri bemg «bpted for connection to a ' 

«.m«onpotential,d,e«lect«,lengthbdngone^ofa»™veleng.h.f.he,.dio 
irequency communications signals; and 

a metal oxide varistor connected between the medium voltage node and the 
conductive line, wherein the r^o frequency communications signals a^ interfaced to the 
medium voltage node via the metal oxide varistor. 
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10. The interface circuit for interfacing radio frequency communications signals 
with a medixim voltage power line of claim 9, wherein the radio frequency 
communications signals include transmitted signals, the interface circuit further 
comprising: 

a first opto coupler adapted to couple in to the interface circuit the transmitted 
radio frequency communications signals to be interfaced via the medium voltage node. 

11. The interface circuit for interfacing radio frequency communications signals 
with a medium voltage power line of claim 10, wherein the radio frequency 
communications signals include received signals, flie interface circuit further comprising: 

a second opto coupler adapted to couple out of the interface circuit the received 
radio frequency communications signals mterfaced via the medium voltage node; and 

a radio frequency combiner that is connected to the reactive element, and 
connected to the first opto coupler so as to make the transmitted radio frequency 
communication signals available to the medium voltage node via the metal oxide varistor, 
and connected to the second opto coupler so as to make the received radio frequency 
communications signals available from the medium voltage node via the metal oxide 
varistor. 

12. The interface circuit for inter&cing radio frequency communications signals 
with a medium voltage power line of claim 11, further comprising: 

an amplifier connected between the radio frequency combiner and the second opto 
coupler so as to provide amplification of the received radio frequency communications 
signals. 

13. The interface circuit for interfacing radio frequency communications signals 
with a medium voltage power line of claim 9, wherein the radio frequency 
communications signals include received signals, the interface circuit further comprising: 

an opto coupler adapted to couple out of the interface circuit the received radio 
frequency communications signals interfaced via the medium voltage node. 
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14. The interface circuit for interfacing radio frequency communications signals 
with a medium voltage power line of claim 9, wherein the common potential comprises 
ground. 

15. A method for receiving a digital signal from a power line carrying both the 
digital signal and a powerline voltage waveform, wherein the digital signal is modulated 
by an RF carrier and the powerline voltage waveform is in the 50-60Hz band, comprising 
receiving the digital signal through a high pass filter while blocking or attenuating the 
powerline voltage, wherein the high pass filter comprises a metal oxide varistor (MOV). 

16. The method for receiving a digital signal from a power line of claim 15, 
wherein the high pass filter further comprises a reactive element connected between Ae 
MOV and a conamon potential. 

17. The method for receiving a digital signal from a power line of claim 15, 
wherein the high pass filter fiirther comprises a selected length conductive line connected 
between the MOV and a common potential, the selected length being one quarter of the 
wavelength of the RF carrier. 
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